INTRODUCTION {#sec1-1}
============

Gingival architecture has been a mainstay in cosmetic dentistry, the concept of its health and appearance considered vital in facial esthetics and smile.\[[@ref1]\] The gingival complex plays a vital role in the overall esthetics of the smile. It is often the clinical practitioners perform procedures to achieve gingival esthetics along with functional problems, making them a significant aspect.\[[@ref2]\] Gingival pigmentation is a major concern for a large number of patients in dental practice. The presence of such pigmentation is considered to be the normal clinical characteristic of oral tissues in most of the human beings. Among pigments melanin, carotene, reduced hemoglobin, and oxyhemoglobin are mainly contributing to the normal color of oral mucosa and gingiva.\[[@ref3][@ref4]\]

Melanin, a nonhemoglobin-derived brown pigment, is one of the most common natural and endogenous pigments contributing to the color of the gums.\[[@ref5]\] Oral melanin pigmentation is considered to be multifactorial. It is seen across all the races, age groups, and is without gender predilection.\[[@ref6][@ref7]\] Such melanin pigmentation of gingiva became the cause of embarrassment in smile conscious individuals, thereby increasing the demand for cosmetic therapies for the treatment of the same.

Different techniques have been proposed for the treatment of gingival depigmentation that was classified into methods to remove and methods to mask gingival pigmentation.\[[@ref8]\] Scalpel surgical technique is a time-tested technique and considered as the gold standard technique. Lasers have been used in dentistry since the beginning of the 1980s. Recently, they have been used to ablate cells containing and producing melanin pigment.\[[@ref9]\] They also become the treatment of choice as they improve homeostasis and causes less postoperative discomfort over scalpel surgery. Diode laser has energy and wavelength characteristics that specifically target the soft tissues has gained increasing importance and interest.\[[@ref10]\]

Selective photothermolysis involves the use of laser beam with a wavelength that specifically absorbed in melanin and destroys the pigmented cells without affecting any nonpigmented cells. Despite advantages, lasers are relatively expensive, delayed wound healing, thermal damage, deep penetration, and have limited indications in other specialties of dentistry.\[[@ref11]\] Among types of lasers available, diode laser uses a combination of elements to change electrical energy into light energy, which is then absorbed by pigmentation in soft tissues. This makes the diode laser an excellent homeostatic agent.\[[@ref12]\]

In the present study, we intended to evaluate the effectiveness of two depigmentation techniques, i.e., conventional surgical scalpel scraping technique and semiconductor diode laser technique. And also, we verified repigmentation from two techniques at different time intervals.

MATERIALS AND METHODS {#sec1-2}
=====================

The present study is a split-mouth, randomized, comparative, clinical trial and was carried out in patients visiting the Outpatient Department of Periodontics. Ethical clearance from the Institutional Review Board was obtained prior to the start of the study.

Patient selection {#sec2-1}
-----------------

Twenty patients who were complaining about bilateral physiologic melanin hyperpigmentation of gingiva (dark gums) in the anterior segment with age ranging from 20 to 35 years were included in this study. The procedure of gingival depigmentation was planned in anterior labial gingiva of the maxilla on both sides, i.e., midline to distal of the right canine and midline to distal of the left canine. The depigmentation procedure was randomly allotted to either of the areas by the flip of a coin. All the participants were informed regarding the procedure and prior informed consent was obtained. The authors made sure that participants were aware of the nature of ethnic or physiologic hyperpigmentation and understood that it has no influence on the systemic health of the patient.

Periodontally healthy individuals with bilateral melanin pigmentation in the anterior segment were included in this study. And also, individuals who were categorized as moderate or heavy clinical pigmentation as per the Dummett Oral Pigmentation Index (DOPI)\[[@ref13]\] were included. Patients with thin gingival biotype, pregnant and lactating women, medically compromised patients, patients using drugs or chemicals that got potential to cause oral pigmentation and also patients who were under medication or condition that will interfere with bleeding or wound healing, and smokers were excluded from the study.

Depigmentation procedure {#sec2-2}
------------------------

One week prior to the depigmentation procedure, all the enrolled participants underwent initial phase therapy, i.e., oral prophylaxis, scaling, and root planing. Since both depigmentation procedures were performed in the same patient on different quadrants, the author made sure sufficient time, i.e., the 1-week interval was kept in order to assess pain and healing patterns from two procedures.

### Scalpel scraping technique {#sec3-1}

After achieving adequate anesthesia (using 2% lignocaine hydrochloride) to the surgical area, entire epithelium and a layer of connective tissue were scraped using surgical scalpel blade No. 15, till all the visible pigmentation was removed from margin to mucogingival junction. Bleeding from the surgical area was controlled through direct application of pressure pack and the periodontal dressing was done \[[Figure 1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\].

![(a) Preoperative; (b) Scalpel scraping; (c) Laser application; (d) Immediate postoperative; (e) 6 months postoperative; (f) 9 months postoperative; (g) 3 years postoperative](JISP-24-47-g001){#F1}

### Laser technique {#sec3-2}

Local anesthesia with 2% lignocaine hydrochloride was administered at the surgical area. The diode laser used in the study has a wavelength of 810 nm at 1.5--2.0-watt power in a continuous wave mode with the flexible fiberoptic delivery system, in a continuous contact mode. Melanin pigmented gingiva was ablated using this laser device. Before applying the laser, proper care was taken, i.e., protective eye gear was worn by both operator as well as assistant. And also, highly reflective instruments or instruments with mirrored surfaces were avoided, as there could be a reflection of the laser beam. Precautionary measures were taken to avoid using the laser in the presence of explosive gases.

The tip of the laser was held in light contact with the tissue, and light sweeping brush strokes were performed. It was directed to the target tissue until blister formation occurred. Blistered gingiva was then scraped off with wet, saline-moistened gauze to remove the epithelium containing melanin pigmentation. The overall procedure was performed in cervicoapical direction in all pigmented areas \[[@ref14][@ref15]\] \[[Figure 1c](#F1){ref-type="fig"} and [d](#F1){ref-type="fig"}\]. The depigmented area was then covered with a periodontal dressing. Following the depigmentation procedure, the patient was instructed to maintain good oral hygiene and to avoid eating of any hot, spicy foods following 24 h of surgery. Moreover, they were also instructed to avoid any trauma during the healing period (4--7 days following treatment) and advised to use 0.2% chlorhexidine digluconate to rinse twice daily for 2 weeks.

### Parameters measured {#sec3-3}

A single calibrated operator recorded clinical parameters such as bleeding, pain, wound healing, recurrence of pigmentation, and intensity of repigmentation. Parameters such as pain, wound healing, and bleeding were recorded according to the criteria of Ishii *et al*. and Kawashima *et al*.\[[@ref16][@ref17]\] Plaque and gingival indices were also measured at all visits. Assessment of clinical repigmentation and intensity was done using Dummett Oral Pigmentation Index (DOPI) at 3^rd^, 6^th^, and 9^th^ months postoperatively \[[Figure 1e](#F1){ref-type="fig"} and [f](#F1){ref-type="fig"}\].

Statistical analysis {#sec2-3}
--------------------

Collected data were subjected to statistical analysis. SPSS version 20.0 for Windows (SPSS Inc., Chicago, IL, USA) was used. Paired *t*-test performed for continuous variables for comparison between treatment groups. Categorical data were analyzed using Chi-square test. Results were represented as mean ± standard deviation; with *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} shows the output of paired *t*-test between the treatment groups at different time intervals. The mean of plaque and gingival indices scores were low at 9 months postoperatively compared to baseline. Moreover, there was a statistically significant difference was seen between the treatment groups for both indices (*P* \> 0.05). [Table 2](#T2){ref-type="table"} shows the association between treatment groups and bleeding during procedure. Slight (55%)-to-moderate (45%) bleeding observed in quadrant which was operated surgical scraping and none of the surgical sites showed bleeding seen when operated with diode laser. Chi-square test revealed statistically significant association between bleeding and treatment groups (*P* \< 0.05).

###### 

Comparison of plaque and gingival indices between groups at different time intervals

             Plaque index   Gingival index                                       
  ---------- -------------- ---------------- ----------- ----------- ----------- -------------
  Baseline   1.39±0.46      1.41±0.012       0.53 (NS)   1.31±0.24   1.32±0.38   0.84 (NS)
  1 week     1.21±0.025     1.22±0.04        0.95 (NS)   1.18±0.19   1.16±0.23   0\. 96 (NS)
  1 month    1.23±0.023     1.21±0.015       0.44 (NS)   1.20±0.33   1.21±0.29   0.77 (NS)
  6 months   1.24±0.19      1.26±0.02        0.64 (NS)   1.21±0.36   1.23±0.31   0.68 (NS)
  9 months   1.31±0.15      1.30±0.18        0.96 (NS)   1.24±0.15   1.25±0.17   0.46 (NS)

NS (*P*\>0.05); Paired *t*-test. NS -- Nonsignificant; *P* -- *P* value

###### 

Association between bleeding during the procedure among treatment groups

  Group                     Bleeding   Total   Significance (*P*)           
  ------------------------- ---------- ------- -------------------- ------- ---------
  Scalpel scraping                                                          
  Count                     0          11      9                    20      0.000\*
  Percentage within group   0.0        55.0    45.0                 100.0   
  Diode laser                                                               
  Count                     20         0       0                    20      
  Percentage within group   100.0      0.0     0.0                  100.0   
  Total                                                                     
  Count                     20         11      9                    40      
  Percentage within group   50.0       27.5    22.5                 100.0   

\*Statistically significant (*P*\<0.05); Chi-square test. *P* -- *P* value

[Table 3](#T3){ref-type="table"} shows the association between pain evaluated at two different time intervals among the quadrants operated with different techniques. At 1-day postoperatively, sites treated with scalpel scraping had shown mild pain in 70% and moderate pain in 30% of patients. In quadrants operated using diode laser, most of the patients (60%) experienced mild pain and remaining all (40%) reported no pain. Statistical analysis revealed that there is a significant association (*P* = 0.001) between pain and treatment techniques at day 1, with diode laser showing significant reduction of pain. On week 1 postoperatively, all patients reported similarly in terms of pain for two treatment techniques (*P* \> 0.05).

###### 

Association between pain using Visual Analog Scale on 1^st^-day and 1^st^-week postoperatively in quadrants treated with scalpel scraping and diode laser

                                        Group        Total   Significance (*P*)
  ------------------------------------- ------------ ------- --------------------
  Pain day 1                                                 
  No pain                               0.001\*              
  Count                                 0            8       8
  Percentage within pain day 1          0.0          40.0    20.0
  Mild                                                       
  Count                                 14           12      26
  Percentage within pain day 1          70.0         60.0    65.0
  Moderate                                                   
  Count                                 6            0       6
  Percentage within pain day 1          30.0         0.0     15.0
  Total                                                      
  Count                                 20           20      40
  Percentage within pain day 1          100.0        100.0   100.0
                                                             
  Pain week 1 versus treatment groups                        
                                                             
  Pain week 1                                                
  No pain                               0.072 (NS)           
  Count                                 17           20      37
  Percentage within pain week 1         85.0         100.0   92.5
  Mild                                                       
  Count                                 3            0       3
  Percentage within pain week 1         15.0         0.0     7.5
  Total                                                      
  Count                                 20           20      40
  Percentage within pain week 1         100.0        100.0   100.0

\*Statistically significant (*P*\<0.05); NS (*P*\>0.05); Chi-square test. NS -- Nonsignificant; *P* -- *P* value

At 1-week postoperatively in scalpel scraping group, 65% of sites showed complete epithelization and only 33.4% showed incomplete epithelization. In the laser-treated group, 60% showed complete epithelization and 40% showed incomplete epithelization. At 1 month, all the sites in both groups were healed. Scalpel scraping group has shown better healing compared to laser group but was not statistically significant (*P* \> 0.05) \[[Table 4](#T4){ref-type="table"}\].

###### 

Association between healing and 1^st^-day and 1-month postoperatively in quadrants treated with scalpel scraping and diode laser

                                            Group        Total   Significance (*P*)
  ----------------------------------------- ------------ ------- --------------------
  Healing week 1                                                 
  Complete epithelization                   0.110 (NS)           
  Count                                     13           11      24
  Percentage within group                   65.0         55.0    60.0
  Incomplete epithelization                                      
  Count                                     7            9       16
  Percentage within group                   35.0         45.0    40.0
  Total                                                          
  Count                                     20           20      40
  Percentage within group                   100.0        100.0   100.0
                                                                 
  Healing month 1 versus treatment groups                        
                                                                 
  Healing month 1                           \-                   
  Complete epithelization                                        
  Count                                     20           20      40
  Percentage within group                   100.0        100.0   100.0
  Total                                                          
  Count                                     20           20      40
  Percentage within group                   100.0        100.0   100.0

NS (*P*\>0.05); Chi-square test. NS -- Nonsignificant; *P* -- *P* value

Details of occurrence of repigmentation and its intensity were presented in Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}. At end of 6 months, 13 (65%) patients operated with surgical scraping exhibited repigmentation. Among them, ten were presented with mild pigmentation and three with moderate. In group with laser-operated patients, 12 (60%) showed repigmentation, in ten patients exhibited mild and two exhibited moderate pigmentation. At the end of 9 months, 17 out of 20 patients (85%) operated with surgical scraping technique showed repigmentation. Ten (50%) among them are mild, five are moderate (25%), and two (10%) showed heavy repigmentation. In laser-treated group, 16 out of 20 patients (80%) showed repigmentation. Among them, 13 (65%) were mild, 2 (10%) are moderate, and 1 (5%) is heavily pigmented. Even though laser has shown a smaller number of sites in intensity of repigmentation than scalpel scraping group, there was no statistically significant difference was observed (*P* \> 0.05). Four patients out of twenty who showed no signs of repigmentation at end of 9 months, when they were followed up after 3 years have exhibited mild repigmentation \[[Figure 1g](#F1){ref-type="fig"}\].

###### 

Association between recurrence of pigmentation and different time intervals in quadrants treated with scalpel scraping and diode laser

                                               Group        Total   Significance (*P*)
  -------------------------------------------- ------------ ------- --------------------
  Recurrence month 6                                                
  Present                                      0.744 (NS)           
  Count                                        13           12      25
  Percentage within group                      65.0         60.0    62.5
  Absent                                                            
  Count                                        7            8       15
  Percentage within group                      35.0         40.0    37.5
  Total                                                             
  Count                                        20           20      40
  Percentage within group                      100.0        100.0   100.0
                                                                    
  Recurrence month 9 versus treatment groups                        
                                                                    
  Recurrence month 9                                                
  Present                                      0.677 (NS)           
  Count                                        17           16      33
  Percentage within group                      85.0         80.0    82.5
  Absent                                                            
  Count                                        3            4       7
  Percentage within group                      15.0         20.0    17.5
  Total                                                             
  Count                                        20           20      40
  Percentage within group                      100.0        100.0   100.0

NS (*P*\>0.05); Chi-square test. NS -- Nonsignificant; *P* -- *P* value

###### 

Association between intensity of repigmentation and different time intervals in quadrants treated with scalpel scraping and diode laser

                                                                Group        Total   Significance (*P*)
  ------------------------------------------------------------- ------------ ------- --------------------
  Intensity of repigmentation month 6                                                
  No pigmentation                                               0.875 (NS)           
  Count                                                         7            8       15
  Percentage within group                                       35.0         40.0    37.5
  Mild                                                                               
  Count                                                         10           10      20
  Percentage within group                                       50.0         50.0    50.0
  Moderate                                                                           
  Count                                                         3            2       5
  Percentage within group                                       15.0         10.0    12.5
  Total                                                                              
  Count                                                         20           20      40
  Percentage within group                                       100.0        100.0   100.0
                                                                                     
  Intensity of repigmentation month 9 versus treatment groups                        
                                                                                     
  Intensity of repigmentation month 9                                                
  No pigmentation                                               0.547 (NS)           
  Count                                                         3            4       7
  Percentage within group                                       15.0         20.0    17.5
  Mild                                                                               
  Count                                                         10           13      23
  Percentage within group                                       50.0         65.0    57.5
  Moderate                                                                           
  Count                                                         5            2       7
  Percentage within group                                       25.0         10.0    17.5
  Heavy                                                                              
  Count                                                         2            1       3
  Percentage within group                                       10.0         5.0     7.5
  Total                                                                              
  Count                                                         20           20      40
  Percentage within group                                       100.0        100.0   100.0

NS (*P*\>0.05); Chi-square test. NS -- Nonsignificant; *P* -- *P* value

DISCUSSION {#sec1-4}
==========

A smile is dictated not just by shape, position, and color of the tooth, but also by the health of gingival tissues.\[[@ref18]\] The appearance of gingiva plays a crucial role and has tremendous impact on smile esthetics. Owing to the problem of "black gums," there have been growing esthetic concerns that require the removal of the same using depigmentation procedures. Scalpel surgical technique is considered most economic with no equipment constraints. Moreover, the healing period for surgical wounds is relatively faster than any other technique.\[[@ref19][@ref20]\] Other procedure that considered as effective, pleasant, and reliable is laser ablation technique. Reduced pain and discomfort, clean and dry operating field, and seal of free nerve endings are few of many advantages using lasers.\[[@ref21]\] Therefore, the present study was designed for comparative evaluation of conventional surgical scalpel procedure and diode laser application in terms of bleeding during procedure, pain, wound healing, and recurrence and intensity of repigmentation.

It was observed that both surgical scalpel and diode laser procedures provided similar results in terms of effective removal of gingival pigmentation and repigmentation when assessed at regular intervals of 3, 6, and 9 months, respectively. When bleeding was assessed between two techniques, surgical scraping showed slight-to-moderate bleeding, while laser-treated areas exhibited none, which is consistent with previous studies.\[[@ref10][@ref22][@ref23]\] Minimal to no bleeding using laser attributed to formation of protein coagulum, which in turn seals the ends of the capillaries and venules.

Regarding pain perception, slightly mild-to-moderate pain reported by patients underwent surgical scalpel procedure, while only mild pain was reported by those (60%) treated with diode laser at the end of day 1. On day 7, there was no statistically significant difference between two techniques in terms of pain perception, with mild pain in surgical scalpel group and none in diode laser. These findings were similar to that of study conducted by Suragimath *et al*.\[[@ref23]\] In terms of wound healing, no statistically significant difference was seen between two procedures and all patients had no hemorrhaging, morphological abnormalities, scarring, or infection at the surgical site. At week 1 appointment, 65% of patients treated with surgical scalpel and 55% treated with diode laser showed significantly faster wound healing. All cases (both surgical scraping and diode laser) had shown complete epithelization at month 1 appointment. The findings of faster healing in scalpel-treated areas compared to laser treated at week 1 may be because of delayed epithelial regeneration and lack of wound contraction as compared to conventional surgery \[[@ref15]\] and is consistent with the findings of Kasagani *et al*.\[[@ref24]\]

In the present study, the results from both treatment modalities were stable to some extent, i.e., up to 3 months postoperatively. Later, slight recurrence of solitary units of pigments were seen by month 6. At month 6, nearly 62.5% of cases showed postsurgical repigmentation of gingiva in both techniques. At month 9, approximately 82.5% of patients showed postsurgical repigmentation. When the intensity of repigmentation was measured by Dummet Oral Repigmentation Index, 50% of cases in either of treatment modalities exhibited mild pigmentation at the end of month 6. Moderate repigmentation was seen in three cases (15%) of surgical scalpel and two cases (10%) of diode laser technique, respectively (*P* = 0.375). The reappearance of pigmentation following surgical procedures reported to be varying in time, i.e., 15, 24, 30, and 33 days, respectively.\[[@ref11][@ref25]\] It is believed that this difference in time of repigmentation is mainly related to the technique applied as well as the race of the patient.\[[@ref25]\] In a study by Alhabashneh *et al*., the authors compared 6-month clinical efficacy of laser and scalpel technique in patients of Jordan nationality. They observed the recurrence of pigmentation in both sites at around 3 and 6 months, respectively.\[[@ref26]\]

Even though the exact mechanism for clinical repigmentation is unclear, it is believed to occur due to the migration of active melanocytes from adjacent pigmented tissues to surgically treated areas, leading to repigmentation.\[[@ref27]\] On the other hand, according to Ginwalla *et al*., repigmentation was attributed to left out melanocytes.\[[@ref28]\]

In case series by Perlmutter and Tal, repigmentation in few cases had not occurred up to 431 days postsurgically, and in one case, it did not occur over the first 2 years. They speculated that such delay in occurrence either due to nonmigration of melanocytes or due to inactive melanocytes that were migrated.\[[@ref27]\] Similarly, when follow-up was done at a period of 3 years for 4 patients who were scored as "no repigmentation" at the end of 9 months, it revealed mild intensity of gingival repigmentation in both groups.\[[Figure 1g](#F1){ref-type="fig"}\]. Moreover, those who were scored to be mild, pigmentation appeared as small spots, bands, or streaks. All the reexamined patients are very satisfied as the intensity of repigmentation is mild when compared to preoperative pigmentation.

CONCLUSION {#sec1-5}
==========

Based on the findings, we conclude that both surgical scalpel and diode laser techniques were found to be clinically effective in treatment of melanin pigmentation of gingiva. Future studies must focus on melanocytic activity rather than the techniques to be used, owing to their contribution in repigmentation and also to reduce the rate of recurrence of pigmentation.
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